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flowerheads	 available	 for	 oviposition.	Within	 the	 periph-
eral	 zone	 the	 foodplant	 availability	 greatly	 exceeded	 the	
egg	 load,	 but	 in	 contrast	 the	 abundance	 of	 host	 ants	 (i.e.	
the	 other	 essential	 resource)	 was	 low,	 which	 presumably	
results in low Maculinea	 larval	 survival	 there.	 Our	 find-
ings	 imply	 that	 setting	 conservation	priorities	 over	 differ-







for	population	ecology	(Pulliam	1988; Pulliam and Daniel-
son 1991).	Populations	with	intrinsic	growth	rate	exceeding	
one	may	either	increase	in	size	or,	in	the	more	frequent	case	
when	 the	 carrying	 capacity	 of	 their	 habitats	 limits	 popu-




(Pulliam	 1988; Tittler et al. 2006).	The	 continuous	 influx	




implication	 is	 the	 fact	 that	 only	 source	 populations	 guar-
antee	long-term	species	survival	(Dias	1996).	In	turn,	sink	
populations are in principle not necessary for species sur-
vival.	Actually,	 their	existence	may	occasionally	be	harm-
ful	 in	 this	respect,	as	exemplified	by	 the	case	of	so-called	







sink	 areas.	We	 demonstrated	 the	 existence	 of	 source-sink	
dynamics in two species of endangered Maculinea	(=Phen-





numbers	 became	 similar	 between	 the	 site	 centre	 and	 its	
peripheries.	The	analysis	of	movements	indicated	that	most	
individuals	 captured	 in	 the	peripheral	 zone	 eclosed	 in	 the	
central	 zone.	 Moreover,	 the	 timing	 of	 the	 sharp	 increase	
in	movements	 from	 the	 site	 centre	 to	 its	 peripheries	 cor-
responded	well	with	 the	period	when	 the	number	of	 eggs	
laid	 in	 the	 former	 area	 reached	 carrying	 capacity,	 defined	
by	 the	 number	 of	 the	 Sanguisorba officinalis foodplant 
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defines	 the	 spatial	 limits	 of	Maculinea	 habitats	 (Nowicki	
et al. 2007; Nowicki and Vrabec 2011).	 In	 turn,	Myrmica 
host	ants	are	usually	widespread	but	 their	 abundance	var-
ies	greatly	and	it	shapes	the	carrying	capacity	of	Maculinea 
habitat	patches	(Hochberg	et	al.	1994; Nowicki et al. 2009).
The	 study	was	 conducted	 at	 the	 Fanatul	Domnesc	 site	
near	the	village	of	Rascruci	in	central	Transylvania,	Roma-
nia	 (46.92°N,	 23.73°E;	 410–460	 m	 a.s.l.).	 The	 site	 is	 a	
mesohygrophilous	meadow	with	a	relatively	large	patch	of	
Sanguisorba officinalis,	which	is	the	exclusive	larval	food-









low density of S. officinalis	 (see	 the	 “Results”).	While	 at	
most	other	sites	with	M. nausithous	and/or	M. teleius,	 the	
availability	of	 the	S. officinalis	flowerheads,	 in	which	 lar-
vae	of	both	species	feed	for	the	initial	3–4	weeks,	usually	
exceed	the	population	requirements	by	at	least	an	order	of	




The	other	constraint	 for	population	dynamics	 is	 the	avail-
ability	of	host	ant	nests.	Earlier	field	studies	have	revealed	
that	M. nausithous and M. teleius	share	the	same	local	host	
ant	 in	 the	 region,	 namely	Myrmica scabrinodis	 (Tartally	





species M. nausithous kijevensis occuring in Transylvania 
(Rákosy	et	al.	2010).
Maculinea	 populations	 at	 Fanatul	 Domnesc	 are	 rela-
tively	 isolated.	 The	 only	 other	 nearby	 locality	 inhabited	
by M. nausithous and M. teleius	is	Fanatul	Satesc,	situated	
ca.	1	km	away.	Such	a	separation	distance	is	several	times	
longer	than	typical	movement	distances	for	both	species	in	






attractive	 sinks	 (Delibes	 et	 al.	 2001; Battin 2004).	 These	
represent	 areas	 that	 strongly	 attract	 immigrants,	 typically	




or	 at	 least	 substantially	 reduced,	 and	 in	 this	 way	 attrac-
tive	 sinks	 loose	 the	 reproductive	 potential	 of	 the	 immi-
grants,	which	could	otherwise	enhance	the	viability	of	other	
populations.
Consequently,	 conservation	 efforts	 should	 be	 focused	
on	source	populations	and	not	on	the	sink	ones.	However,	
when	setting	conservation	priorities	most	programmes	rely	








sink systems at a relatively large scale of entire metapopu-
lations	 (Thomas	et	 al.	1996;	Boughton	1999; Tittler et al. 
2006).	 Nevertheless,	 source-sink	 dynamics	 is	 similarly	
likely	 to	 occur	 at	 a	 much	 smaller	 spatial	 scales,	 namely	
within	habitat	patches	inhabited	by	single	local	populations.	
This	is	because	resource	availability	within	habitat	patches	







provided by an intensive survey of M. nausithous and M. 







of insect conservation in Europe and useful indicators of 
grassland	 biodiversity	 (Maes	 and	 van	Dyck	 2005;	 Settele	
et al. 2005).	They	 are	highly	 specialised	myrmecophilous	
species,	requiring	two	essential	resources	to	complete	their	
life	 cycle.	 These	 comprise	 specific	 foodplants,	 on	 which	
Maculinea	 larvae	 feed	 in	 their	 initial	 stages,	 and	 specific	
host	 ants	of	 the	genus	Myrmica,	 in	 the	 colonies	of	which	
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analysed	 with	MARK	 8.0	 software	 (White	 and	 Burnham	
1999)	 using	 the	 multi-state	 recapture	 models	 of	 Brownie	
et	 al.	 (1993).	The	 analyses	were	 conducted	 separately	 for	
M. nausithous and M. teleius,	with	 two	different	zones	of	









variation	 (s + t)	 as	well	 as	 their	 independent	 effects	 (s*t).	







were several supported models performing similarly well, 
we	 decided	 to	 rely	 on	 the	 parameter	 values	 calculated	 as	
weighted	 means	 for	 all	 the	 supported	 models	 using	 their	









where	 nC,i and nM,i	 represent	 the	 numbers	 of	 captured	
individuals,	 which	 are	 known	 from	 capture	 records.	 The	
Brownie	model	is	based	on	the	assumption	of	equal	capture	
probability	 for	 all	 individuals,	which	may	 be	 problematic	
to	meet	 for	butterflies,	 in	which	 intersexual	differences	 in	
catchability	have	often	been	reported	(Nowicki	et	al.	2008).	
However,	we	 avoided	 this	 problem	by	 relying	 on	 capture	




In	 summer	 2009	 low	 intensity	 mark-recapture	 sampling	
of M. nausithous and M. teleius	was	conducted	at	Fanatul	
Domnesc	 to	 provide	 general	 information	 about	 the	 size	









The	 survey	 was	 conducted	 between	 12	 July	 and	 27	
August,	thus	spanning	the	entire	flight	period	of	both	inves-
tigated	species.	Butterflies	were	captured	between	9:00	and	
17:00	on	 roughly	every	 third	day	 (weather	allowing),	and	
the	 sampling	 intensity	was	 kept	 fairly	 uniform	 across	 the	
whole	site.	Captured	individuals	were	marked	with	consec-
utive	numbers	written	on	the	underside	of	their	hind	wings	









sampling	plots	within	 both	 the	 central	 part	 as	well	 as	 the	







Ant	 surveys	 were	 conducted	 in	 circular	 plots	 of	 4-m	
diameter	 (32	 within	 the	 central	 part	 and	 84	 within	 the	
peripheral	 fragments	 of	 Fanatul	 Domnesc).	 These	 plots	
were	 thoroughly	 searched	 for	 ant	 nests	 between	 28	 June	
and	20	July	2010.	From	each	nest	we	took	ca.	20	workers	
for	 species	 identification.	 In	 addition,	we	 collected	 forag-
ing	ant	workers	using	pitfall	traps.	We	used	standard	plastic	
cups	 of	 75	mm	diameter,	 half-filled	with	 ethylene	glycol.	














M. nausithous	 adults,	 and	 392	 captures	 of	 258	M. teleius 




















below).	 Subsequently,	 the	 numbers	 of	 butterflies	 moving	
from	one	zone	to	the	other	within	the	interval	between	sam-
pling days i and i +	1	were	derived	as:
Finally,	 it	 was	 also	 possible	 to	 estimate	 the	 demographic	
recruitments	within	 this	 interval,	 i.e.	 in	our	case	 the	num-
bers	of	butterflies	eclosing	 in	each	zone,	as	 the	difference	
between	the	butterfly	numbers	on	day	i +	1	and	the	sum	of	
survivors from day i	and	immigrants	from	the	other	zone:
All	 the	above	population	parameters	were	estimated	sepa-
rately	 for	 both	 sexes,	 and	 then	 summed	 up,	 because	 the	
model	 selection	 routine	based	on	AICc indicated intersex-
ual differences in several Brownie model parameters. It is 




obtained in a similar way.
We	also	assessed	the	number	of	eggs	present	on	each	sam-




own	rough	estimates	for	M. nausithous and M. teleius obtained 
in	Poland	(ca.	80	eggs	per	female;	P.	Nowicki	unpubl.	data).	
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Fig. 1 Distribution of capture points of M. nausithous	(solid dots)	and	
















This	 indicates	 small	 sizes	 of	 host	 ant	 colonies,	 many	 of	
which	may	thus	be	too	small	to	support	the	full	development	
of Maculinea	 larvae.	In	contrast,	 there	was	hardly	any	dif-
ference	 in	 the	densities	of	 the	other	essential	 resource,	 i.e.	
the	flowerheads	of	S. officinalis	foodplants,	between	the	two	
defined	zones	of	the	Fanatul	Domnesc	site	(Table	3).	Nev-

















assessed at 2131 M. nausithous	 adults	and	593	M. teleius 
Model type No. of parameters AICc ∆AICc w
M. nausithous
ϕC(.)	ϕM(s)	pC(t)	pM(.)	ψC→M(s + t)	ψM→C(s) 35 2305.14 0 0.270
ϕC(s)	ϕM(.)	pC(t)	pM(.)	ψC→M(s + t)	ψM→C(s) 35 2305.76 0.62 0.198
ϕC(s)	ϕM(s)	pC(t)	pM(.)	ψC→M(s + t)	ψM→C(s) 36 2306.08 0.94 0.169
ϕC(.)	ϕM(s)	pC(s*t)	pM(.)	ψC→M(s + t)	ψM→C(s) 49 2306.41 1.28 0.143
ϕC(.)	ϕM(s)	pC(t)	pM(s)	ψC→M(s + t)	ψM→C(s) 36 2306.85 1.71 0.115
ϕC(.)	ϕM(.)	pC(t)	pM(s)	ψC→M(s + t)	ψM→C(s) 35 2307.03 1.89 0.105
M. teleius
ϕC(.)	ϕM(.)	pC(.)	pM(.)	ψC→M(s + t)	ψM→C(s) 17 590.63 0 0.224
ϕC(s)	ϕM(.)	pC(.)	pM(.)	ψC→M(s + t)	ψM→C(s) 18 591.01 0.38 0.185
ϕC(.)	ϕM(s)	pC(.)	pM(.)	ψC→M(s + t)	ψM→C(s) 18 591.47 0.83 0.148
ϕC(.)	ϕM(.)	pC(s)	pM(.)	ψC→M(s + t)	ψM→C(s) 18 591.57 0.94 0.140
ϕC(.)	ϕM(.)	pC(.)	pM(s)	ψC→M(s + t)	ψM→C(s) 18 591.72 1.09 0.130
ϕC(s)	ϕM(.)	pC(s)	pM(.)	ψC→M(s + t)	ψM→C(s) 19 592.51 1.88 0.088







Maculinea species, as indicated 
by	their	Akaike	Information	





Table 2	 Weighted	mean	parameter	estimates	(±SE)	of	the	supported	multi-state	recapture	models	for	the	two	investigated	Maculinea species in 
the	central	(C)	and	marginal	part	(M)	of	the	studied	site
Species Sex Survival	rate Capture probability Transition probability
C M C M C	→	M M	→	C
M. nausithous Males 0.89	±	0.01 0.82	±	0.01 0.44	±	0.06* 0.47	±	0.06 0.38	±	0.06* 0.21	±	0.05
Females 0.84	±	0.03 0.77	±	0.02 0.22	±	0.06* 0.41	±	0.06 0.91	±	0.07* 0.44	±	0.08
M. teleius Males 0.87	±	0.04 0.79	±	0.03 0.47	±	0.16 0.40	±	0.14 0.68	±	0.15* 0.03	±	0.03
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foodplant	flowerheads	was	far	greater	there.	Consequently,	
the	estimated	number	of	eggs	laid	by	both	species	within	the	
central	part	of	 the	site	was	 likely	 to	exceed	 the	number	of	
flowerheads	available	at	the	beginning	of	August	(Fig.	3c),	
whereas	 in	 the	 site	 peripheries	 the	 flowerhead	 availability	
surpassed	the	egg	load	by	over	an	order	of	magnitude.
The	 moving	 between	 the	 two	 defined	 zones	 was	 invari-
ably	more	 frequent	 in	 females.	The	 probability	 of	 transition	
from	 the	marginal	 to	 central	 zone	 reached	 a	moderate	 level	
only in M. nausithous	females,	otherwise	being	relatively	low	








Parameter Central part Marginal part
M. nausithous adults 1715	±	376 416	±	92
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Fig. 2	 Within-season	dynamics	of	the	daily	numbers	(±SE)	of	M. nausithous	(a)	and	M. teleius	(b)	within	the	central	part	(solid squares, solid 
line)	and	marginal	fragments	(empty squares, broken line)	of	the	studied	site
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Discussion
M. nausithous and M. teleius	often	coexist	(Sliwinska	et	al.	
2006;	Dierks	and	Fischer	2009; Nowicki et al. 2014),	but	
the	situation	that	they	use	the	same	host	ant	at	a	single	local-
ity	is	very	infrequent	(cf.	Witek	et	al.	2008).	The	implication	
is	 that	 they	 are	 forced	 to	 utilise	 exactly	 the	 same	 limited	
patch	centre	to	its	margin	coincided	well	with	the	period	when	
egg	 load	 within	 the	 former	 area	 approached	 and	 exceeded	
the	 S. officinalis	 flowerhead	 availability.	At	 the	 end	 of	 sea-






























































Fig. 3	 Within-season	dynamics	of	movements	of	M. nausithous	 (a)	
and M. teleius	(b)	from	the	central	part	to	marginal	fragments	of	the	
studied	site,	expressed	with	multi-state	recapture	model	estimates	of	
transition	probabilities	 (±SE)	 for	 both	 sexes	 (males:	empty squares, 




entire	preceding	period,	 starting	 from	 the	previous	capture	day.	The	
bottom	panel	(c)	shows	the	dynamics	of	the	number	of	Maculinea eggs 
oviposited	within	the	central	part	of	the	site	(solid line),	assessed	on	
the	 basis	 of	 the	 total	 number	 of	 both	 species’	 females	 present	 there	
prior	to	the	date	and	average	fecundity	of	75	eggs	per	female	(see	the	
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fragments	 of	 habitat	 patches	 are	 typically	 of	 better	 qual-
ity	 and	 preferred	 by	 adult	 butterflies	 (Batáry	 et	 al.	 2009; 
Kőrösi	et	al.	2012; Nowicki et al. 2013).	The	higher	densi-
ties	of	host	ant	colonies	due	to	their	influx	from	surround-
ing	 areas	 free	 from	 the	 parasitic	 pressure	 by	 Maculinea 
were	suggested	as	a	potential	explanation	for	such	a	pattern	
(Nowicki	et	al.	2007, 2013).	Nevertheless,	this	explanation	
is	 reasonable	 for	 relatively	 homogeneous	 habitat	 patches,	
with	different	fragments	being	equally	suitable	for	host	ant	
colonies.	At	 our	 clearly	 heterogeneous	 study	 site	 the	 ant	
community composition appears to be driven primarily by 
microhabitat	conditions,	which	in	turn	are	shaped	by	topog-
raphy.	The	abundance	of	My. scabrinodis	is	relatively	high	
only	within	 the	 humid	 central	 part	 of	 the	meadow,	while	
in	the	drier	peripheral	fragments	this	host	ant	is	partly	out-
competed	 by	 other	Myrmica	 species	 (Czekes	 2012).	 Our	
findings	thus	imply	that	higher	host	ant	availability	at	patch	
margins	should	not	be	regarded	as	a	general	rule	applicable	
for any Maculinea site. Instead, local knowledge must be 
used in conservation actions, especially in setting manage-
ment plans for different land fragments.
In	the	case	of	the	Fanatul	Domnesc	site,	its	central	part	
constituting	 the	source	area	 is	undoubtedly	crucial	 for	 the	
preservation	of	the	local	populations	of	M. nausithous and 







M. nausithous and moderate densities of M. teleius	 (com-













son and Hutto 2006).	However,	 this	 is	not	 the	case	 in	our	








cating	that	M. nausithous is about four times more abundant 
than	M. teleius	 suggest	 that	 the	 former	 species	 is	 appar-
ently	more	efficient	in	using	the	resources.	The	most	likely	
explanation	of	the	fact	is	its	more	efficient	parasitic	strategy.	
Inside ant nests Maculinea	larvae	either	prey	on	ant	brood	
(‘predatory	 strategy’)	 or	 are	 fed	 by	 ant	workers	 (‘cuckoo	
strategy’),	with	 the	 latter	 strategy	 resulting	 in	 their	higher	
survival	 (Thomas	 and	Wardlaw	1992;	Thomas	 and	Elmes	
1998).	While	M. teleius follows a strictly predatory strategy, 














competition	 (in	 our	 specific	 case	 of	M. nausithous and M. 
teleius	potentially	also	interspecific	one)	experienced	by	their	
larval	offsprings	(Rausher	1979;	Jones	1991; Dempster 1992; 






While	S. officinalis foodplants are similarly abundant in 
the	peripheral	fragments	of	Fanatul	Domnesc,	host	ant	colo-

















several earlier studies on Maculinea,	which	found	that	edge	
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appropriate	credit	 to	 the	original	author(s)	and	the	source,	provide	a	
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buffered	 by	 the	 emigration	 of	 excess	 individuals.	 Posi-
tive	 density-dependence	 of	 emigration	 has	 indeed	 been	
reported for Maculinea	 butterflies	 (Nowicki	 and	Vrabec	
2011).	 Nevertheless,	 ‘internal	 emigration’	 in	 the	 form	
of	 moving	 to	 peripheral	 sink	 areas	 is	 definitely	 more	




species.	 In	fact,	 it	 is	even	possible	 that	 the	site	peripher-
ies	act	as	pseudo-sinks	(sensu	Watkinson	and	Sutherland	
1995),	 i.e.	 they	 alone	may	 be	 able	 to	 support	 small	 but	
still	viable	populations.	On	the	other	hand,	genuine	emi-
grants	could	enhance	the	persistence	of	further	populations	
in	 the	 region,	 but	 such	 a	 possibility	 seems	 remote.	This	
is because in reality few emigrants become immigrants 
elsewhere	due	to	dispersal	mortality,	which	is	particularly	
high	if	the	natal	site	is	highly	isolated	and/or	surrounded	









improved	habitat	quality.	Our	results	 imply	 that	 the	avail-
ability of My. scabrinodis	host	ants	is	the	limiting	resource.	
Myrmica	communities	are	determined	by	microhabitat	con-
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